Cooperation between the social and natural sciences has become essential in order to encompass all the dimensions of coastal zone management. Socio-economic approaches are increasingly recommended to complement integrated assessment in support of these initiatives. A systematic review of the academic literature was carried out in order to analyze the main types of socio-economic assessments used to inform the coastal zone management process as well as their effectiveness. A corpus of 1682 articles published between 1992 and 2011 was identified by means of the representative coverage approach, from which 170 were selected by applying inclusion/exclusion criteria and then classified using a content analysis methodology. The percentage of articles that mention the use of socio-economic assessment in support of coastal zone management initiatives is increasing but remains relatively low. The review examines the links between the issues addressed by integrated assessments and the chosen analytical frameworks as well as the various economic assessment methods which are used in the successive steps of the coastal zone management process. The results show that i) analytical frameworks such as 'risk and vulnerability', 'DPSIR', 'valuation', 'ecosystem services' and 'preferences' are likely to lead to effective integration of social sciences in coastal zone management research while 'integration', 'sustainability' and 'participation' remain difficult to operationalize, ii) risk assessments are insufficiently implemented in developing countries, and iii) indicator systems in support of multi-criteria analyses could be used during more stages of the coastal zone management process. Finally, it is suggested that improved collaboration between science and management would require that scientists currently involved in coastal zone management processes further educate themselves in integrated assessment approaches and participatory methodologies.
Introduction
Managing sustainability in coastal zones is usually referred to as Integrated Coastal Zone Management (ICZM). Although the exact meaning of ICZM may be debated, in broad terms it is intended to deal with conflicts between economic demands and protection of the environment in a given coastal area (Portman and Thunberg, 2011) . One of the most popular definitions of ICZM is given by Cicin-Sain and Knecht (1998) , who refer to it as "a continuous and dynamic process by which decisions are made for the sustainable use, development, and protection of coastal marine areas and resources" (p. 279). According to these authors, ICZM is "multipurpose oriented: it analyzes implications of development, conflicting uses, and interrelationships among physical processes and human activities, and it promotes linkages and harmonization between sectoral coastal and ocean activities" (Cicin-Sain and Knecht, 1998, p. 41) .
The ICZM process thus differs significantly from the "coastal area management" practiced in the late 1960s, which was a set of sectoral policies concerning one or a few uses and carried out only onshore (Vallega, 1999) . The geographic scale on which ICZM is applied is essentially set by the extent of the issues it is being used to address (Clark, 1997) ; since the mid-1990s, this process has promoted the management of conflicting uses and ecosystems on a holistic level, converging with an ecosystems approach (Forst, 2009) . Viewed today as the key paradigm for sustainable development of coastal areas (Billé, 2008) , ICZM is becoming an operational model of environmental governance in which stakeholders and public participation are key components of successful implementation (Fletcher, 2003) .
ICZM became popular in the decision-making sphere following the publication of Agenda 21, adopted during the 1992 United Nations Conference on Environment and Development held in Rio de Janeiro, whose chapter 17 was entirely dedicated to the oceans and coastal areas. Under the title "Integrated management and sustainable development of coastal and marine areas, including exclusive economic zones," the first section of that chapter provides a program for achieving sustainable development in the coastal zones, stressing the need to improve the knowledge used for management purposes and emphasizing the necessity of developing socio-economic and environmental indicators. 1 This recommendation highlights the need to improve our knowledge of coastal physical systems and uses by drawing on information from both the natural and social sciences (Cicin-Sain, 1993) . Olsen (1993 Olsen ( , 2002 has described the coastal zone management program (CZM program or ICZM policy cycle) as a process made up of five steps: issue identification and assessment (step 1); program preparation (step 2); formal adoption and funding (step 3); implementation (step 4); and evaluation (step 5). Scientific knowledge is mainly brought in during steps 1 and 5. Integrated Assessment (IA), being an approach that seeks to involve all disciplines in policy-relevant assessment (Harremoës and Turner, 2001 ), provides a useful framework for informing CZM initiatives, whatever their degree of implementation ( Fig. 1) . IA consists in combining, interpreting, and communicating knowledge from diverse scientific disciplines in such a way that the whole set of cause-effect interactions of a problem can be evaluated from a synoptic perspective (Rotmans and Dowlatabadi, 1997) . In its fully developed form, IA is "an iterative participatory process that links knowledge (science) and action (policy) regarding complex … issues …" (van der Sluijs, 2002, p. 250) .
Fig. 1.
Main objectives of the integrated assessment used to inform the different steps of a coastal zone management program (our own figure, developed from Olsen, 2002 , van der Sluijs, 2002 , and Roca, 2008 The first advantage of IA is that it defines a problem by drawing on current, policy-relevant knowledge. Secondly, IA can help to identify and evaluate specific management options. Thirdly, it may be used for assessing response impacts on coastal problems once management initiatives have been implemented. In this context, cooperation between the social and natural sciences has proved to be helpful for analyzing all the dimensions of improved CZM; socio-economic approaches in particular are increasingly needed to better understand the linkages and interdependencies between natural and anthropogenic systems in coastal areas (Cooper and McLaughlin, 1998; Bowen and Riley, 2003; Ban et al., 2009; Nobre, 2011) .
Examples of research studies that have used or produced socio-economic assessments in support of CZM are abundant. These socio-economic assessments address a variety of goals, issues, and interactions and may use a wide range of tools, methodologies, information, and analytical frameworks. It thus seems worthwhile to carry out an analysis of socio-economic assessments in support of CZM through a systematic literature review. However, to our knowledge, only three literature reviews have attempted to explore this research field. Cooper and McLaughlin (1998) analyze the "contemporary multidisciplinary approaches to coastal classification and environmental risk analysis" (p. 512) in terms of scale of application, variables included, mode of analysis, mode of presentation, and the nature of the risks being assessed. Carneiro (2011) explores "the evidence of the impacts of marine management interventions on human development and well-being reported in marine management literature in the past two decades" (p. 351). His study addresses peer-reviewed literature dealing with fisheries, aquaculture, marine conservation, and CZM in terms of methodologies used, human development dimensions considered, and results reported. Nobre (2011) reviews management instruments to address coastal zone problems and of some research areas to support management. Although very interesting, these reviews consider only some specific uses of socio-economic information, such as the problem definition step of CZM (Cooper and McLaughlin, 1998) and the impact assessments of management initiatives (Carneiro, 2011; Nobre, 2011) . All these studies take the form of a narrative literature review. This paper presents a systematic review of the extensive body of academic writing from the period 1992-2011 concerning the socio-economic assessments used in support of CZM. The aim of our study is to further analyze the issues addressed by socio-economic assessments as well as the kind of assessment methods and tools used in the successive steps of the CZM process. The paper is structured as follows: Section 2 defines the data sources and explains the systematic review methodology. Section 3 highlights the main findings obtained from the content analysis approach. Finally, Section 4 discusses the influence of the political context on socio-economic assessments and the contribution of the social sciences to improved science-management integration.
Materials and methods
A systematic review was performed in order to analyze how socio-economic approaches are envisaged and addressed in the dedicated CZM literature. Unlike traditional or narrative literature reviews, such as the expert point of view or position papers on a particular topic (e.g. Carneiro, 2011) , the systematic review is a process through which a sample of works/studies is methodically chosen, the targeted information is extracted, and the results reported with transparency about the methods used in each step (Hunt, 1997) .
According to Booth et al. (2012) , the literature review process generally comprises four steps: search, appraisal, synthesis, and analysis. Appraisal or quality assessment of the selected documents has not been included in our approach because the goal pursued in this step is to "exclude poor-quality studies" (Booth et al., 2012, p. 29) . Consequently, the three major analytical steps were used in this study to identify peer-reviewed literature that uses socio-economic approaches to inform the CZM process: the search and selection process, content analysis, and statistical analysis (Fig. 2) .
The search and selection process
The first step, the search and selection process, falls into two distinct phases. Phase 1 constructed a reference population of scientific publications in which we could find relevant literature. During phase 2, the most relevant documents from this population were selected on the basis of several criteria defined on the basis of our objectives. Due to the abundance of materials concerning CZM, it was decided to study only peer-reviewed scientific literature.
As it was not possible to study all peer-reviewed papers on CZM, the representative coverage approach (Cooper, 1988 ) was adopted in phase 1. This consists in applying the review process to a population of works that are considered to be "broadly representative of many other works in a field" (Cooper and Hedges, 2009, p. 5 ), so we deliberately confined our research to the examination of a single database, Web of Science (WoS), which references the vast majority of journals dealing with CZM (e.g. Ocean & Coastal Management, Coastal Management, Journal of Coastal Research, Journal of Coastal Conservation, Marine Policy, and Coastal Engineering) . The search for documents was carried out at the beginning of January 2013 and sought to cover all English-language material from 1992 to 2011, with the start date corresponding to the 1992 United Nations Conference on Environment and Development (Rio summit), when ICZM became a generally accepted referential for coastal zone policies in most countries around the world (Cicin-Sain, 1993) . The choice was made to conduct database searches with a few keywords judged sufficiently broad to capture a vast diversity of expressions relative to the issue of CZM. Our review is thus based on searches with the terms "coastal management" or "coastal zone management" in documents' keywords, abstract, or title: the searches produced 1682 studies published over the past 20 years. Searches were done on all journals available in the WoS database (including conference proceedings published in peer-reviewed journals), regardless of the disciplinary field. We did not employ queries on specific coastal issues or coastal uses so as to avoid introducing bias in the results.
In phase 2, the abstracts and titles of this total population of 1682 peer-reviewed papers were read in order to select the final sample based on inclusion/exclusion criteria. The inclusion criteria were conformity with one (or more) of the objectives of the IA identified in the first section (see Fig. 1 ) and the use of quantitative socio-economic data sets (i.e. data describing human behavior). We excluded from the analysis literature reviews, conceptual articles, book chapters, papers which contained only landuse and demographic information, and papers dedicated to high seas management. This selection process aimed at getting a homogeneous sample, meaning one composed of studies similar enough to be categorized. 174 documents corresponding to our inclusion criteria were identified and four duplicates were removed, leaving 170 articles for evaluation (Supplement 1). Duplicates correspond to articles that employ case studies drawn upon (using the same data and methodologies) in other papers of our sample. 
Content analysis
We carried out a content analysis on the chosen references in order to categorize them. "Content analysis [is] a technique of measurement applied to text" in which the coding is an instrument of measurement (Markoff et al., 1975 , in Franzosi, 2008 . It is a data collection method used to identify trends and changes in content (Franzosi, 2008) . All the documents selected were classified using a number of categories: the main objectives of the study in terms of the IA framework (problem definition, management options, and response impacts); coastal issues; coastal interactions; socioeconomic information; tools/methodologies; and analytical/conceptual frameworks (Fig. 2) . As a great variety of coastal issues, tools/methods, and socio-economic information is commonly analyzed and used in these studies, we initially noted all the terminologies employed and then grouped them into more generic categories (Supplement 2). Unlike the other categories, analytical and conceptual frameworks were identified on the basis of the author's terminology in the title and abstract. In addition, we considered bibliographical and geographical information: author name(s), journal name, publishing year, location of case study (country, region), and disciplinary approach (interdisciplinary or monodisciplinary). An iterative checking process was used to validate the classification categories and subcategories.
Statistical analysis
Several statistical methods were used to synthesize the results of the content analysis. These results are expressed in frequency of occurrences, i.e. number of items as a percentage of the total number of publications in the sample (n = 170) or in the various defined categories. The statistical values obtained were not considered for themselves, but for what they represent. Differences among the categories and general trends were identified using various statistical methods.
Temporal trend analyses were calculated using Kendall's tau, as it presents some advantages over the Spearman coefficient, particularly when data are tied. For qualitative data, differences between categories were tested using either a Chi-Square test (2X2, 2XN) or Fisher's exact test when samples were too small (any expected frequencies < 5). To characterize other data, the arithmetic mean, standard deviation, Pearson correlation coefficient and coefficient of determination were used.
The results of the Chi-Square test (2X2, 2XN), Fisher's exact test, Pearson correlation coefficient, and Kendall's tau were considered statistically significant when the probability level (p-value) was smaller than the chosen significance level of .05. Results were considered non-significant when p > .10, and results with .05 < p ≤ .10 were reported as borderline cases (Rice, 1989 ).
Principal limitations
Interpretations based on the results of this methodology are limited by several factors. Firstly, WoS indexing practices can limit the reliability of the findings. Secondly, the representative coverage approach is open to the arbitrary definition of inclusion criteria by the review's authors (Cooper, 1988) . Thirdly, there is a language of publication bias, since only English-language papers were reviewed. Lastly, potential for researcher bias exists since only one coder was used (Allen and Reser, 1990 in Franzosi, 2008) . In this context, scientific transparency about the method used is essential for a reader to be able to discuss an author's results (Hunt, 1997) .
The list of selected socio-economic studies informing CZM process is thus not exhaustive and further materials undoubtedly exist (in journals not indexed in WoS and in unpublished reports). For practical reasons, we have limited our systematic review to academic literature, as did Laurans et al. (2013) in their analysis of the economic valuation of the use of ecosystem services. However, the sample in our study covers a wide range of coastal issues and features a variety of socio-economic approaches. The aim of our study being to understand how socio-economic assessments are used for CZM, this sample permits us to draw representative conclusions on the topic.
Results
Subsection 3.1 presents the main characteristics of the peer-reviewed literature dedicated to CZM. Subsection 3.2 highlights the main conceptual and analytical frameworks used for socio-economic assessments, along with trends in their adoption. Subsection 3.3 analyzes the attributes of socioeconomic assessments. Subsection 3.4 deals with the link between the level of development and the types of coastal problem which are taken into account for management. Subsection 3.5 examines the main differences between articles with respect to the objectives assigned to socio-economic assessments.
Bibliographical and geographical characteristics
Our systematic review retrieved a total population of 1682 papers dealing with CZM from the WoS, from which a sample of 170 papers (10.1%) provided socio-economic assessments that were used to inform the CZM process and were based on a quantitative data set. These 170 papers were published in 49 international journals; about half of them (48%) appeared in the Journal of Coastal Research, Ocean & Coastal Management, and Coastal Management (Supplement 3) . The total population of the sample of socio-economic assessments presents a fairly similar distribution across the types of journal where they are published, although socio-economic assessments appear to be slightly less well represented in marine sciences journals. However, the geographical distribution of studies displays contrasting profiles. From the total population of 1682 papers, 1533 case studies with a clear geographical location were identified and used for comparison with the sample. Socio-economic assessments in support of CZM are mostly performed in northwestern Europe, followed by Asia, southeastern Europe (including the Mediterranean and Black Sea), and South America (including the Caribbean Sea and Gulf of Mexico). Surprisingly, North America, which provides the second largest amount of coastal zone papers, is the less documented region together with the Australasia as regards socio-economic assessments (Supplement 3). One possible explanation is that North American scholars and managers are more reluctant to carry out assessments with poor observable facts and data, as we know that socio-economic information on coastal zones remains very sparse all over the world. 
The rise and decline of conceptual frameworks
The second aspect explored here is the context-dependence of socio-economic assessments for CZM. We first examine the main conceptual/analytical frameworks that have emerged and developed in the CZM field as well as those in decline, in the international policy and scientific contexts (3.2.1). Next we point out the discrepancy between the analytical frameworks claimed and actually used (3.2.2).
Emerging and declining concepts in the international policy and scientific contexts
We mentioned in the introduction that socio-economic assessments were increasingly needed for CZM; our review demonstrates that they are also produced increasingly often (Fig. 5) . Since the Earth Summit held in Rio de Janeiro in 1992 (United Nations Conference on Environment and Development), the use of socio-economic assessments in support of CZM has become widespread. It is a gradual trend, without any very sudden breaks that might indicate the overt influences of international environmental policies, though we may suppose that they have had a positive albeit tacit effect on CZM research, via science policies and funding. The influences are a little more manifest if we look at the evolution of the main analytical and conceptual frameworks used for socio-economic assessment, based on the expressions used by the authors in their titles and abstracts. 3 Over the whole period (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) , by far the most popular concept adopted for implementing the socio-economic assessment of CZM is "integration," followed by "sustainability" and "perceptions, opinions," while the most uncommon are "vulnerability, risk," "DPSIR-PSR," and "carrying capacity" (Supplement 3). In order to identify the main trends, we split our reference period into three shorter phases on the basis of the international policy and scientific calendars (1992-2001, 2002-2006, and 2007-2011) . When we compare these periods, it appears that the concept of "sustainability" is becoming more and more popular in the literature, along with "integration," with "ecosystem services" and "vulnerability, risk" appearing to a lesser extent (Fig. 6, Supplement 3) . This is doubtless due to the Rio Conference (1992) and Johannesburg World Summit on Sustainable Development (2002), which have greatly popularized the concepts of "sustainability" and "integration" and stressed their importance, while the scientific working reviews of the IPCC (Assessment reports of 1990 (Assessment reports of , 1995 (Assessment reports of , 2001 (Assessment reports of , and 2007 and MEA (2001) (2002) (2003) (2004) (2005) have probably contributed to the permanent presence of the concepts of "vulnerability, risk" and "ecosystem services" in the international scientific and policy arenas. The most surprising of these results is the lack of a clear (increasing) trend for "DPSIR, PSR" (Fig. 6 , Supplement 3). The Organization for Economic Cooperation and Development (OECD) created the "Pressure-State-Response" (PSR) analytical framework in 1993 to help model cause and effect relationships between humans and the environment; it was refined and expanded afterwards to "include the root causes of environmental change and the impacts this change has on ecosystems and on humans" (Bowen and Riley, 2003, p. 303) , in an approach described as the "Driver-Pressure-StateImpact-Response" (DPSIR). Widely recommended for supporting CZM and often used for structuring indicator sets, it is more and more frequently employed in conjunction with participatory methods in order to better clarify non-expert knowledge. However, DPSIR does not appear to be a framework that greatly enhances the gathering of socio-economic information about CZM. It seems that the concepts of "value" and "perceptions, opinions" are coming to be used less and less, perhaps because of their gradual replacement in the literature by "ecosystem services (valuation)" and "participation."
Discrepancies between analytical frameworks claimed and actually used
Nonetheless, a reference to a conceptual framework does not imply its actual implementation. Many of the authors who explicitly mention "integration," "sustainability," or "participation" rarely use integrated approaches (integrated assessment and/or modeling, system or ecosystem approaches), carry out very few sustainability assessments (with indicator sets), and rarely implement participatory approaches by means of workshops with local stakeholders or focus group meetings (Table 1) . By contrast, the concepts of "perception, opinion" are infrequently emphasized in connection with the use of opinion surveys in our selected materials (Table 1 ). There is a closer correlation between the identification of "risk, vulnerability," "DPSIR, PSR," "carrying capacity," "value," "ecosystem services," and "preferences, choices, alternatives" as conceptual frameworks and their actual implementation by means of specific tools and methodologies, no doubt because these analytical frameworks are less controversial. "Vulnerability, risk" and "ecosystem services," for example, are well defined and have gained broad consensus in the international scientific community, probably as a result of the work of the IPCC and MEA. Table 1 . Differences between claimed conceptual/analytical frameworks (A) and actually used scientific frameworks (B) (values expressed as a percentage of the total number of publications for the period 1992-2011, n = 170).
Principal attributes of socio-economic assessments
Socio-economic assessments of CZM are defined by the type of socio-economic information, the tools and methods implemented, the goal of the assessment, the coastal issues addressed, and the kind of coastal interactions to be managed (Table 2) . Table 2 . Principal socio-economic information discussed in the selected papers (expressed as a percentage of the total number of papers, n = 170). Note: Totals do not equal 100% (with the exception of assessment goals) because a study may analyze several coastal issues and coastal interactions and use several tools/methods and different types of socio-economic information. Assessment goals are equal to 100% because an item that corresponds to "problem definition" and "management options," for example, is only classified as "management options."
The most frequently used socio-economic information concerns coastal populations ( data (beach frequentation, coast artificialization, aquaculture production, etc.). More generally, all categories of socio-economic information are frequently used, and 94% of the papers simultaneously make use of 2 or more information types. The mean number of types of information used per paper is 3.45 (= 1.29, n = 170) and the most common combination is "coastal population," "coastal use intensity," "economic value," and "coastal activities" (10%) (Supplement 3).
One way to obtain quantitative information is via a survey, and this is the most widely used methodology in our sample (socio-economic and opinion surveys) ( Table 2 ). "Monetary valuation" is the second most common, while the least common are "Cost-Benefit Analysis (CBA) or Cost-Effectiveness Analysis (CEA)," "multi-criteria analysis," and "participatory approaches." The last three categories are less frequently used no doubt because they require more information, human and financial resources, and capacity. 90% of these studies employ 2 or more tools and methods. The mean number of used tools/methods per paper is quite similar to that of the socio-economic information (x ̅ = 3.21,  = 1.46, n = 170) and the most common combination is "survey" and "spatial data analysis" (6%) (Supplement 3). The more tools are employed per study, the lower the number of the studies (r = -.35, p < .05, n = 76).
Like tools and methodologies, research objectives (assessment goals) are not equally distributed across the three categories defined ( Table 2 ). 39% of the selected papers deal only with "problem definition," 40% address the "option response" issue (identification and/or analysis), and only 21% assess impact management ("response impacts") with respect to specific improvements in the quality of life of coastal populations or associated benefits and resulting changes in the environmental condition of coastal systems.
Of the principal coastal issues, the selected papers focus mainly on the topics of "environmental degradation" (69%) and "coastal economy, livelihood" (64%) ( Table 2 ). 89% address both socioeconomic issues ("coastal economy, livelihood" and/or "coastal amenities, welfare") and environmental ones ("coastal hazards" and/or "environmental degradation") through the study of different forms of coastal interaction between humans (social subsystem: SOC) and marine or coastal ecosystems (ecological subsystem: ECOL). The most common interaction is that between the social impacts of changes and the environmental state of the coastal system (ECOL states / SOC impacts: Table 2) . Surprisingly, cross-interactions (SOC / ECOL and ECOL / SOC) are more often investigated than single links between coastal phenomena, such as pressures, and environmental states (SOC pressures / ECOL states). Interactions between coastal uses and coastal populations (SOC pressures / SOC impacts -the effect of beach litter on beach attractiveness, for example) are less often studied.
Coastal issues and the level of economic development of the country studied
Studies conducted on high-income economies are more numerous than those in low-and middleincome economies (Table 3 , Supplement 3). This situation reflects differences in research financing between these two groups of countries (UNESCO, 2010) . This disparity is also significant when we examine which coastal issues are chiefly studied (Table 3) , although it does not exist in the case of the nature of coastal interactions (Table 3) . This may be due to the historical prominence of the European and North American science community in CZM research; its ways of understanding coastal interactions are often the same regardless of the specifics of the case study.
The two main differences are the discrepancies between "coastal amenities, welfare" and "coastal hazards" (Table 3 ). The amenities and welfare of the coastal population are certainly more often studied in high-income countries. This is due to the emergence of the "leisure society" in the sixties (Dumazedier, 1962) , which has become more and more oriented toward nature and outdoor recreational activities (Sharma, 2004) . By contrast, the lower interest in this issue in the poorest countries is due to the primacy of basic concerns like nutrition needs. When amenities and nature conservation needs are addressed, it is often with respect to the attractiveness for tourists of regions where coastal tourism development is rapid and highly dependent on environmental quality (Gormsen, 1997) , and where detrimental consequences for sensitive coastal resources and ecosystems can be observed (e.g. Sobhee, 2006). Table 3 . Level of economic development of the country studied with respect to (A) coastal issues and (B) coastal interactions. Coastal issues and coastal interactions are expressed as a percentage of the total number of studies per country income levels. Income levels correspond to the 2011 GNI per capita (formerly GNP per capita). GNI is the "gross national income, converted to U.S. dollars using the World Bank Atlas method, divided by the midyear population" (World Bank, 2013) . Low-and middle-income economies have been grouped into a single category in order to get two samples fairly close in size. Differences between A and B were assessed using Fisher's exact test.
Coastal hazards are also less often studied in low-and middle-income economies than in the richest countries (Table 3) . This is problematic because of the tight linkages between development and social vulnerability to coastal hazards (Ward and Shively, 2012) . Coastal populations in the poorest countries are especially vulnerable to extreme weather events, due to "their low physical and financial capacity to withstand economic shocks, their disproportionate dependence on climate-sensitive sectors, and the inherently low capacity of developing country governments to provide social safety nets or invest in basic infrastructure aimed at disaster preparedness and relief" (Ward and Shively, 2012, p. 916) . More generally, the scarcity of socio-economic assessments in the area of coastal hazards in low-and middleincome economies may be due to the scarcity of official statistics by comparison with high-income economies, the difficulties of adjusting the data available to the research objective being pursued when official statistics do exist (the lack of correspondence between administrative boundaries and areas at risk, for example), and the substantial human and time resources required to conduct socio-economic surveys in places that are often heavily populated (low-lying areas such as deltas, for example).
In short, there seems to be an imbalance between the richest and poorest countries in the way that socio-economic coastal research is conducted. This imbalance can be explained by the prevalence of certain concerns in only some parts of the world and by the difficulty of generating socio-economic information because of the constraints mentioned above.
Socio-economic assessment and integrated assessment objectives
The uses made of socio-economic information and of tools and methodologies differ significantly depending on the purposes of the assessments (Fig. 7, Fig. 8 
Problem definition
The "problem definition" step mainly utilizes information regarding "coastal population," "coastal use intensity," "coastal activities," and "monetary value," and tools/methodologies such as "spatial data analysis," "survey," "monetary valuation," and "indicator system," in order to describe the interdependencies and interactions between people and their environment ( Fig. 7 and Fig. 8 ). It is noteworthy that during the problem definition step, information about the existing management system is gathered in no more than 20% of the papers, which suggests an insufficient attention to institutional change as a complex and dynamic process.
Three questions are commonly raised in order to identify, define, and explain coastal problems in connection with management improvements: how people perceive the quality of their environment; how they utilize and benefit from coastal resources and ecosystem; and how this utilization impacts resources and the ecosystem. Each tool and methodology for socio-economic assessment may be more or less accurate in answering each of these questions.
Surveys, frequently employed to answer the first and second questions, give an overview of the main (perceived) environmental issues (opinion data) (e.g. Morgan, 1999) and assess coastal populations' socio-economic dependence on resources by analyzing the existing links between ecosystem services production, the coastal economy, and human livelihood (e.g. Nogueira de Andrade et al., 2010) . Spatial data analysis is more widely used for answering the third question, that is, producing an overview of socio-economic pressures and associated environmental degradation by mapping the geographical distribution of the "coastal population," "coastal use intensity," or "coastal activities," and the corresponding coastal habitat and resources at risk (e.g. Lloret et al., 2008) . In some cases, however, it is also employed for comparison of economic activities between different localities for the purpose of diagnosis on a regional scale (e.g. Sarda et al., 2005) . Monetary valuation is frequently used in addressing the second and third questions; monetary value estimates are produced in the context of local economic diagnosis, income survey, or amenities and/or ecosystem services valuation (e.g. Samonte-Tan et al., 2007) . In the latter case, land use/land cover (spatial data analysis) is often used to generate estimates of the monetary value of ecosystem services in the coastal zone via benefit transfer analysis (e.g. Brenner et al., 2010) .
Indicator systems are in common use for "problem definition," but always for addressing the second and third questions. Indicator systems may be defined as limited sets of issue-related parameters (quantitative/qualitative statements or measured/observed parameters) that can be used to describe existing situations (the dynamic state of a coastal system) and measure changes or trends over time (UNESCO, 2006) . Three distinct types of indicator system were identified in our sample: indicators of sustainability, indicators of vulnerability, and pressure-state indicators. Indicators of sustainability are composite indices that describe the status of the environmental, economic, and social subsystems in the coastal zone (e.g. Smith et al., 2007) . Indicators of vulnerability seek to determine the risk of specific adverse outcomes with regard to a variety of stresses for a particular group or unit of concern (Clark et al., 2000) , such as coastal communities or coral reef ecosystems (e.g. Yoo et al., 2011) . Finally, pressure-state indicators reveal existing linkages between anthropogenic activity and environmental degradation (e.g. Mangi et al., 2007) .
Fig. 7.
Frequency of occurrence of the principal types of socio-economic information classified by the goals of socio-economic assessments, expressed as a percentage of (A) all papers dealing with "problem definition" (n = 66), (B) all papers dealing with "management options" (n = 68), and (C) all papers dealing with "response impacts" (n = 36). (See also Supplement 3).
Management options (ex ante)
The "management options" step is more diverse from the point of view of socio-economic information and tool/methodology needs than "problem definition" and "response impacts" (Fig. 7) . Surveys and monetary valuations are always useful, but it is "scenario, prospective" which is the first tool/methodology employed in this situation. This category encompasses two distinct tools/methodologies which are often used together: scenario building and prospective simulation. "Scenarios portray images of how society and its supporting environment could look, given different sets of assumptions and consequent conditions" (Ledoux et al., 2005, p. 87 ) (e.g. Tompkins et al., 2008) . Prospective simulation is often based on the exploratory modeling of changes induced by the various defined scenarios (e.g. Mongruel et al., 2011) . CBA and CEA are also used in the management options step for performing comparative analyses of alternative courses of action in terms of both their costs and consequences (e.g. Turner et al., 2007) . Multi-criteria analysis (MCA) is less often employed than CBA or CEA, and differs from them in that the choice between a set of alternative options is made on the basis of a set of defined evaluation criteria (Fig. 8) . MCA is often used to support coastal management decisions where there are conflicting management objectives and conflicting stakeholder preferences (e.g. Roca et al., 2008) . Participatory approaches are essentially used to define scenarios or weighting criteria for MCA in collaboration with local stakeholders in order to incorporate their preferences and values for supporting the decision-making process (e.g. Roca et al., 2008) .
Response impacts (ex post)
Policy impact (or "response impact") assessment requires very different socio-economic information and tools/methodologies from the "problem definition" step (Fig. 7, Fig. 8 ). The most widely used methodology is still the survey, but in this case for measuring socio-economic impacts and/or perception of the outcomes of the management initiatives implemented (e.g. Webb et al., 2004) . Opinion data are much more widely used than monetary value for measuring the management of outcomes, no doubt because situations in which economic data are scarce require the use of data about perceptions, as Carneiro (2011) notes. Similarly, trend analysis is only employed when enough historical data are available; indicator systems are less often used for response impact assessment, no doubt because they have only recently come into use and also because such systems are difficult to maintain over time. Management data are the second most frequently employed type, and consist essentially in management cost descriptions (e.g. Munoz-Perez et al., 2001) . They are sometimes conjoined with the benefits provided by CZM programs implemented by means of CBA in order to determine whether benefits outweigh costs (e.g. Peng et al. 2006) . 
Discussion
In investigating the implementation of socio-economic assessments in support of CZM, it may be asked how this kind of assessment is used by a community of researchers and managers from varying scientific backgrounds. According to Ostrom (2009) , "understanding of the processes that lead to improvements in or deterioration of natural resources is limited, because scientific disciplines use different concepts and languages to describe and explain complex social-ecological systems. Without a common framework to organize findings, isolated knowledge does not cumulate" (p. 419). In line with this kind of thinking, the need to undertake integrated assessments for best science-management integration has been emphasized in the literature dealing with environmental management (Turner, 2000; Nobre, 2009 ). This framework helps to make complex issues understandable for decision-makers and stakeholders on the basis of procedural and iterative approaches. However, it remains true that the operational implementation of an "integration" process is always a challenging task in the field of CZM even if real progress has been made since the period of "coastal area management" as it was implemented in the 1960s (Vallega 1999).
Most of the studies reviewed in this paper bring together several of the specific forms of integration for producing knowledge in support of ICZM as identified by van Kouwen et al. (2008) . Interdisciplinary approaches are often employed to take into account both socio-economic and biophysical aspects of coastal systems and their interrelationships. Many of the papers examined include spatiotemporal dimensions for the understanding of the spatial and temporal dynamics of coastal activities, the coastal environment, and the effects (or potential effects) of management decisions. Human behaviors are captured from very diverse perspectives, and forecasting and backcasting, even if not yet widespread, are rapidly expanding both in the case of management option analysis (policy design) and response impact assessments (policy evaluation). While all these approaches contribute to a more holistic view and a better understanding of social-ecological system complexities, uncertainty due to lack of knowledge relevant to policy purposes is least often explicitly addressed in our reference materials, no doubt because it is "unquantified uncertainty" (van Kouwen et al., 2008, p. 22) . Being sparse and open to conflicting interpretations, socio-economic information accounts for a significant part of the uncertainty and lack of consensus about knowledge of coastal zones.
Because lack of knowledge cannot justify inaction, the challenge for coastal societies is to make decisions in this situation of uncertainty, that is, of "incomplete and controversial" knowledge (Billé, 2008, p. 83) . According to Raymond et al. (2010) , one way to manage the scope, complexity, and uncertainty of environmental problems is to make use of different types and sources of knowledge: scientific and practical, expert and non-expert. Hisschemöller and Hoppe (1996) highlight the need to structure problems through the participation of stakeholders with different views on the problem in question, in order to get greater consensus about which relevant information, norms, and values are at stake in the process of problem-solving. In this context, participatory process in its various forms -contractual, consultative, collaborative, or collegial (Barreteau et al., 2010 ) -can be seen as an effective contribution to "sustainable coastal management strategy" (Treby and Clark, 2004, p. 362) . It is widely suggested that participation can increase the chances of efficient environmental management (Brown et al., 2001; Treby and Clark, 2004) because this process has "the potential to enable realistic and holistic sustainable management through behavior change" (Treby and Clark, 2004, p. 356 ).
In the course of this review of the literature, we have identified several types of participatory process, implemented for distinct purposes. They do not necessarily correspond to the highest level of participation (collegiate) because that is not the appropriate process in every situation. Depending on the issues and coastal zone in question, many different levels and types of participatory process may be needed to satisfy all the stakeholders involved (Treby and Clark, 2004) , the only essential question being "about how participation will be implemented, and what kind of involvement is expected from participants" (Barreteau et al., 2010) . Fernandes et al. (1999) took a participatory approach to defining the management problems of a coral reef in a small island state. Several authors have proposed participatory methods for the design of indicator systems as a tool to measure the effectiveness of CZM programs (Fontalvo-Herazo et al., 2007; Vella et al., 2009; Pajaro et al., 2010) . Others employ the participatory process for defining alternative management strategies (Tompkins et al., 2008; Soma, 2010) and in some cases test the scenarios defined with stakeholders by applying multi-criteria analysis or soft social-ecological modeling approaches, then share and discuss results with all the participants (Roca et al., 2008 , Garmendia et al., 2010 , Franzén et al., 2011 Mongruel et al., 2011; Tomlinson et al., 2011) . All these approaches display the benefits of integrating different views to support unstructured problem-solving. They can be used for problem definition, analysis of options, identification of goals and strategies, impact assessment, and communication of results (Hisschemöller et al., 2001) . Incorporating diverse types of expertise and value enhances the social-ecological robustness of the political process as well as its evaluation using appropriate and shared/recognized criteria. It usefully complements quantitative assessment with mathematical models because it ensures that the problem is well defined and not disconnected from the decision-maker's question (Hisschemöller et al., 2001 ). The major drawbacks of participatory activity seem to be that it is time-consuming and that it can generate fortuitous results due to external factors or the design and execution of the project itself (Hisschemöller et al., 2001) . The proper identification and selection of stakeholders is crucial.
In addition to providing data and information that complement those from the natural sciences, the social sciences can contribute to stimulating science-management integration by strengthening the incorporation of controversial preferences, values, and knowledge in the policy advice process, in a context of uncertainty and complexity (unstructured problems). Participatory approaches are not intended to reduce uncertainty but to describe it more accurately by giving more attention to the heterogeneity of views of the policy as well as the science communities. They help stakeholders and scientists to view development and conservation choices as political facts, and to understand that some current controversial issues are irreducible and that sustainable development consists in tradeoffs for achieving acceptable and effective solutions. However, bridging the gap between claims about the use of integrated and participatory approaches and their actual implementation has to be done by the scientific community as a whole, both social and natural scientists. Most scientists interested in CZM still need to educate and train themselves in the existing analytical frameworks and methodologies for integrated and participatory approaches in order to avoid disappointing stakeholders, managers, and any other participants in these initiatives.
Conclusion
A systematic review of the research literature for the period 1992-2011 concerned with socio-economic assessments in support of CZM was conducted. Socio-economic assessments, which are increasingly recommended (Cooper and McLaughlin, 1998; Turner, 2000; Bowen and Riley, 2003; Ban et al., 2009; Nobre, 2011) , seem also to be increasingly implemented: this research topic saw a major and continuing increase in both absolute and relative numbers of published papers in WoS. However, it is included in only a small proportion (10.1%) of CZM articles overall. Our systematic review aims to provide a synthesis of the uses of socio-economic assessments in support of CZM with reference to several aspects: the political and scientific context, the issue at stake, the interactions within coastal systems, the aim of the assessment from a management perspective, the conceptual or analytical framework, and the methods and tools of assessment.
Over half of these socio-economic assessments have been carried out using interdisciplinary approaches, and this research field is mostly driven by research conducted in northwestern Europe. The papers selected mainly focus on topics related to "environmental degradation" and "coastal economy, livelihood," and the most frequently studied interaction is the social impact of changes in the environmental situation of the coastal system. However, there are major disparities in research effort and concerns depending on the level of economic development of the country in which the case studies were conducted. Case studies in high-income countries are more numerous than in low-and middleincome economies, and above all there is a disparity in the type of coastal issues addressed. As one might expect, the amenities and welfare of the coastal population are more often studied in "leisure societies" (high-income countries), but it is more disquieting that coastal hazards are less well documented in low-and middle-income economies where coastal populations are especially vulnerable to extreme events. This result indicates a first mismatch between social needs and socio-economic research on CZM.
Even though our results do not demonstrate the direct influence of international environmental policy events on socio-economic research in the field of CZM, they do show that the most commonly invoked conceptual and analytical frameworks have become more popular in part due to important international conventions and scientific working groups. Indeed, since the Rio Conference in 1992, "sustainability," "integration," "perception," and "valuation" have been the most frequently cited conceptual frameworks in the literature. During the most recent period (2007) (2008) (2009) (2010) (2011) , "preference/choice," "participation," and "ecosystem services" have clearly emerged as promising approaches. "Risk and vulnerability," "DPSIR," "valuation," "ecosystem services," and "preference/ choice" appear to be the conceptual frameworks that lead to effective socio-economic assessments. In contrast, although they are the most often invoked, "integration," "sustainability," and "participation" are frameworks that rarely lead to the effective implementation of the corresponding methods and tools (namely "integrated approaches," sustainability assessments," and "participatory approaches"), because it is difficult to operationalize them. This result reflects a second mismatch between social needs and CZM research.
Our review also shows how the use of socio-economic assessments varies depending on the management objectives being pursued. The socio-economic assessments are frequently used in the first two steps of the CZM process, "problem definition" and "management options" (40% of the papers for each of these purposes), and more rarely for the ex post evaluation of management (less than 20% of the papers deal with "response impacts"). This result confirms that measurements of the CZM program's effectiveness are rare (Knecht et al., 1996; Olsen et al., 1997; McFadden, 2007) because of the overall lack of outcome-related information and data (Knecht et al. 1996 , Carneiro, 2011 and "the difficulty involved in selecting criteria to measure the system's performance" (Nobre, 2011, p. 282 ).
This systematic literature review demonstrates that the most common current types of socio-economic information describe coastal populations (demographic and livelihood characteristics), their opinions (main concerns, quality of the environment), and intensity of coastal use, while the most frequently employed methodologies are "survey," "monetary valuation," and "spatial data analysis." Scenarios and prospective exercises appear to be the typical methodologies for comparing management options, while trend analysis is the second most preferred method for response impact assessment. The social sciences thus seem able to contribute in a structured way to the definition of CZM policy and the assessment of CZM programs with the help of specific methodologies and analytical frameworks based on explicit and advanced statistical analysis (explanatory modeling and prospective simulation).
More interesting, our review shows that there is some potential for improving the usefulness of socioeconomic assessment in support of CZM. Indicator systems, as well as spatial data analyses, are frequently built for the initial step of problem definition, but tend to disappear during the subsequent management steps: this suggests that further efforts are needed to design both indicator systems and spatial information in such a way that they would operate right up to the ex post policy evaluation step. Multi-criteria analyses, which are only used for comparing management options, could also be implemented during the response impact evaluation step, since they provide a powerful framework for assessing the typically multi-objective aspects of CZM policies. Lastly, the institutional analysis of the management system and the analysis of the public's opinions and preferences could be more systematically used from the beginning of the CZM process, that is, during the problem definition step. This would enable management analysis to address the feasibility of institutional change as much as its efficiency and would allow opinion analysis to contribute to understanding the public's own expectations as much as its willingness to accept management decisions and the results of those decisions. Evaluations that address costs or outcomes. This category encompasses information related to valuation of goods and services. Economic valuation of recreational uses or ecosystem goods and services falls into this category. Spatial data analysis "In broad terms one might define spatial analysis as the quantitative study of phenomena that are located in space" (Bailey and Gatrell, 1995, p. 
7). Trend analysis
Trend analysis is the practice of collecting information and attempting to spot a pattern, or trend, in the information. Trend analysis is used to predict future events but can be used to estimate uncertain events in the past (Esterby, 1993) . Scenario, prospective Scenarios "Scenario can denote both descriptions of possible future states and descriptions of developments" (Börjeson et al., 2006, p. 723) . "Scenarios portray images of how society and its supporting environment could look, given different sets of assumptions and consequent conditions" (Ledoux et al., 2005, p. 
87). Prospective simulation
Prospective simulation is the modeling of changes induced by the different defined scenarios. It is the process of applying a statistical model or data mining algorithm to data for the purpose of producing (exploring or predicting) new or future observations under different conditions (Shmueli, 2010 Drummond et al. (1987) define an economic evaluation as the comparative analysis of alternative courses of action in terms of both their costs and consequences. Both resource inputs (economic costs) and downstream resource savings (economic benefits) are measured and included in all types of economic evaluations (i.e., in either a CEA or CBA). An evaluation that considers both costs and outcomes, and compares two or more programs, is considered to be a full economic evaluation.
CEA
The cost-effectiveness analysis (CEA) "assesses the impact of different options in physical terms, and compares these to the costs of the different options to determine which option, or mix of options, achieves the target at least cost" (Ledoux and Turner, 2002, p. 591 ).
CBA
The cost-benefits analysis (CBA) values all costs and benefits in monetary terms to establish a stream of costs and benefits associated with a particular policy over time and to compare these to the costs of the different options to determine which option, or mix of options, achieves the target at least cost (Ledoux and Turner, 2002) . Multi-criteria analysis "Multi-criteria analysis is a method of choosing between a set of alternative options on the basis of a set of defined evaluation criteria" (Brown et al., 2001, p. 14) . "Policy options are compared by reference to an explicit set of evaluation criteria, which can include both quantitative (monetary or not) and qualitative data, together with a weighting scheme" (Ledoux and Turner, 2002, p. 592 ).
Participatory approach
The public's and stakeholder' participation in the coastal zone management process encompasses different purposes and consequently exhibits different levels of inclusion. Momtaz and Gladstone (2008) include in the objectives of public participation "sharing information, involving the community at an early stage of decision making, taking community aspirations into consideration and giving the community the ability to influence the outcome of decision making" (p. 223). According to Brown et al. (2001) , the most basic participation level is passive consultation (information is disseminated to inform people impacted by future management plans) and the most active participation level involves stakeholders in sharing power and actual management (collegial). For the purpose of this paper, we only include high levels of participation such as the participatory approach. 
